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CANAIGRE INVESTIGATIONS

XII. DRYING CANAIGRE ROOTS IN A DIRECT-FIRED ROTARY
DRIER

E. L. GriFrIn, Jr., V. A. TurkorT, and N. F. RoGer

Eastern RegionaZ Research Laboratory*
Philadelphia 18, Pennsylvania

ABSTRACT

Canaigre roots can be dried to a stable form in a rotary-type,
direct-fired alfalfa drier. Root shreds dried to 129, moisture at an
inlet air temperature of 900°F. showed no visible scorching or loss
of tannin. The extractability of the tannin from the dried roots was
substantially the same as from sun-dried shreds.

ABSTRACTO

Las raices de canaigre pueden ser secadas a una forma estable
en un secador de alfalfa rotativo y de fuego directo. Fragmentos de
raices secados a 129, de humedad por medio de una entrada de aire a
una temperatura de 900 grados F. no mostraron chamusco ni perdida
de tanino. La extraccién del tanino de las rajces secas era subs-
tanciosamente la misma como de fragmentos secados al sol.
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INTRODUCTION

~ Production of tanning extracts from canaigre roots (Rumex hymenosepalus
Torr.) has been under study at this Laboratory in recent years (4). The
canaigre roots used have been collected or grown by the Field Crops Branch
of the Agricultural Research Service, USDA, at Mesa, Arizona. The roots
must be harvested during the hot months while they are dormant. For storage
throughout the year these roots have generally been shredded and sun-dried
on concrete strips at the time of harvest. Most of our work was carried out
on roots dried in this manner (5).

The sun-drying procedure was convenient for relatively small-scale test
work, but is not too desirable for a production process. It requires large,
hard-surfaced areas which will not shed pebbles or chips into the shredded
roots. Even the concrete strips used for our tests were not ideal; quite a
number of chips and stones from the concrete had to be removed before

*A laboratory of the Eastern Utilization Research and Development Division, Agricultural Research
Service, United States Department of Agriculture.
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the dried shreds could be cut. Thjs sun-drying procedure must be rapjd
to prevent loss of tannin by fermentation and root spoilage. It js, there-
fore, necessary to spread the shredded roots thinly in hot weather for the
best results. Rain storms have damaged the roots and on one occasion 3
dust storm contaminated the shreds with excessive sand. For these reasons
2 more controllable mechanijca] drying process appears essential if dry

Tray—drying or continous-belt-drying at air temperatures below 150°F.
has been satisfactorily used, but these drying methods are relatively expensive,
Hence drying tests were carried out in 5 smal] commercial-size multi-pass
rotary drier of the type commonly ysed for alfalfa,

EQUIPMENT

Washer.—A Potato washer was used to clean the roots before shredding,
It consists of 4 U-shaped trough divided into sections and equipped with
rotating paddles that lift the roots from one compartment to the next while
water flows continuously through the washer. Dirt and Stones settle to the

comminuting machjpe* with sharp knives to Pass through a screep with
»-inch diameter openings, or in 3 shredder equipped with three beet knives
(H. Disston & Sons, Philadelphia, Pa., No. 9-40-A). The shredder was buile

shown in F igures 1 and 2. This is a sma]] commercial-size, doub]e-pass, direct
oil-fired, stee] rotary drier commonly used for alfalfa, The rotating body,
which is 16 feet long, is made up of three concentric cylinders, 214, 5, and 7
feet in diameter, respectively. The inner cylinder s the combustion chamber,
The oil burner 1s mounted at one end of thjs cylinder and protrudes from the
main body, a5 shown at the right side of Figure 2. The drying ajr, drawn in

i acent to the burner, s heated by mix-
Ing with the products of combustion,

The materia] to be dried is fed on to the elevator, from which a screw feeder
forces it into the left end of the drier. Here jt meets the heated ajr and prod-
ucts of combustion and I carried by them, in the annular space between the
inner cylinder and the 5-foor cylinder, to the right end of the body, then back
between the 5-foot cylinder and the outer one to the left end. Here the gases
and the dried material enter the exhaust fan, which delivers them to the cy-
clone separator adjacent to the drier. The hot gases escape through the top
of the S€parator, and the dried Mmateria] fa]]s through the bottom. Here a

*The mention of commercia] broducts and companies anywhere in the Paper does not imply that they
are endorsed or recommended by the Department of Agriculture over others of 5 similar natyre not mentioned,
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Courtesy of U.S.D.A. Photo by M. C. Audsley
FIGURE 1.—Double-pass, direct oil-fired rotary drier.
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STORAGE

FOREIGN MATERIAL SEPARATOR
AND COOLING AIR INLET

FIGURE 2.—Drier diagram.

stream of cold air entering a second fan picks up-the dried material and sends
it to a cooling cyclone separator. The velocity of this air is insufficient to
pick up stones or gravel; any such material that has entered the drier falls
out through a tee in the duct at this point. The dried material falls into bags
at the bottom of the second cyclone.
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EXPERIMENTAL RESULTS

Two series of drying tests were made using two-year-old cultivated Willcox
strain roots harvested in successive years. The drying data are summarized
in Table I. Substantially identical roots were used in runs of a single series,
except for run No. 13 where the roots used were from a slightly different
blend. Since the strain of roots degenerated with successive seedings, the
Series II roots had lower tannins and purities than those of Series I.

The Fitzpatrick cutter, which was used for all the Series I roots except one,
produced chips considerably finer than 14 inch although a 4-inch screen
was used. The Kummer shreds (run No. 1 of Series I and all of Series 1I)
were as long as 1 to 2 inches with many smaller particles. They were material-
ly coarser, on the average, than the roots cut by the Fitzpatrick machine.

A product moisture of about 129 was sought and, except for run No. 6,
was obtained within reasonable limits for all runs. This was achieved by first
controlling the inlet air temperature through adjustment of the fuel rate
(since the fan speed was fixed), and then varying the rate of feeding the roots
until the desired product moisture was approximately reached, as indicated
by a Steinlite moisture tester. /

For the Series II runs the average drying time of the roots in the drier was
about 12 minutes. This was calculated from the dry weight of material left
in the drier at the end of the run and the root solids feed rate. Flue gas rates
were calculated for some runs from the oil feed rate and an Orsat carbon
dioxide analysis of the flue gases. They averaged about 200,000 cu. ft. per
hour (dry, 60°F., 1 atmosphere) with no apparent significant trend. These
values are only rough approximations, however, since they were calculated
from very low carbon dioxide values.

In both series of tests there was an increase in the tannin loss during drying
as the inlet air temperature was increased, as shown in Table I and F igure 3.
This increased loss was accompanied by visible scorching and darkening of
the product roughly in proportion to the loss of tannin. The smaller particles,
which dry first, were most scorched. When drying to 11 or 129, moisture,
this damage became perceptible at inlet air temperatures above 900°F. Be-
low this temperature the loss would be about 29, or less of the tannin fed.

Canaigre roots must be dried below about 189, moisture to prevent mold
growth and loss of tannin during storage, but they should not be dried to a
lower moisture content than is necessary. With excessive drying in this ma-
chine, which was observed during the early parts of some runs before equilib-
rium was reached, the product temperature rose above 212°F ., causing visible
scorching and substantial loss of tannin. One sample, dried to 6.3%, moisture,
lost 629, of its tannin, while another, dried to 8.0% moisture, lost 339 of its
tannin. Drying to 11 or 129, moisture, as was done in the tests reported,
kept tannin destruction to a minimum because the average product tempera-
ture did not rise above about 212°F.
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The scorching obtained with overdrying, or drying at too high an inlet
air temperature, was a function of the relative particle sizes as well as the inlet
air temperature and the final product moisture. Individual particles scorched
only when they were dried to such an extent that evaporative cooling was no
longer sufficient to keep them near the wet bulb temperature. This occurs
first with the smaller particles, which become dry midway through the drier
where the air temperature is still high enough to destroy tannin. Hence a
uniform feed particle size would permit use of a higher inlet air temperature
(and a higher root feed rate) to yield the same final product moisture without
scorching, because all particles would dry at the same rate and drying could
be more easily controlled.

For both series of tests the drier capacity and the thermal efficiency in-
creased with the inlet air temperature, as shown in Figures 4 and 5. In each
case the Series I curve is higher than the Series II curve because of the finer
cut obtained in the Fitzpatrick cutter. The values for the one lot of Series I
that was cut in the Kummer shredder (Run 1) were also below the other
Series I points for the same reason.

The iron content of the roots was approximately doubled, from about 140
to about 280 p.p.m., by processing in this steel equipment as shown by the
Series I data (Table I). This is not believed a serious increase, however, since
color skivers did not show iron discoloration, and since the iron contents
(m.f.b.) of concentrated tanning extracts produced from these rotary-dried
roots were much lower than the iron contents of the dried roots (m.f.b.).
Table IT lists iron contents of extracts produced from the Heil-dried roots
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compared with the iron content of two extracts from roots not dried in con-
tact with steel. The iron contents fluctuate too widely to show a significant
difference. ,

Comparative extraction tests on the Series I roots dried at various temper-
atures in the rotary drier and on the same roots dried at 125°F. in a tray drier
were made with water at 150°F. in a Kennedy-type continuous countercur-
rent extractor and in a single-batch mixing unit. Extractability of the tannin
in the roots rotary-dried at all temperatures was about the same as that of
the tannin in the roots tray-dried at low temperature which were taken as a
standard. The only difference observed was that the rotary-dried roots be-
came a little softer and more mushy during extraction.



DRYING CANAIGRE ROOTS

TABLE II
IRON CONTENT OF CONCENTRATED CANAIGRE TANNING EXTRACTS

Root Inlet Air Iron
Root Drying Extract Temperature p.p.m.
Drier Run No. °F. m.f.b.
Tray — 109 125 114
Tray — 116 125 30
Rotary 6 114 630 120
Rotary 6 115 630 59
Rotary 4 112 841 28
Rotary 2 108 1004 66
Rotary 5 113 1215 110
CONCLUSIONS

Canaigre roots can be dried in a rotary, direct-fired, alfalfa-type drier
without material loss of tannin where the conditions are such that little or no
scorching is visible in the product. For maximum capacity and thermal
efficiency the drier should be operated at the highest inlet air temperature
which can be attained without excessive tannin loss. Such loss is minimized
when the roots are dried only to the highest moisture content consistent with
good storage.

In the Heil drier used for these studies the maximum desirable inlet air
temperature is about 900°F. for roots being dried to about 129, moisture. A
higher inlet air temperature could probably be used if the roots were dried to
a higher moisture content or if the roots were cut to a more uniform particle
size so that all particles would dry at the same rate.
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